The influence of changes in vegetation cover on short-term climate over the East Asian monsoon region is simulated using the Community Climate System Model Version 3.5. The results show the annual mean surface air temperature significantly decreases by 0.93°C in response to afforestation over the East Asian monsoon region. Also, surface air temperature decreases by 1.46 and 0.40°C in summer and winter, respectively. The cooling is caused by enhanced evapotranspiration (ET) produced by increased forest cover. Evapotranspiration is greater in summer than in winter, so summer cooling is greater than winter cooling. The annual mean precipitation increases in response to afforestation, with a maximum of 7% in April. Water vapor increases significantly because of greater latent heat flux release. Meanwhile, afforestation leads to higher surface roughness, which decreases surface wind speed and induces an ascending air motion. These factors can produce more clouds and precipitation. Moreover, the surface albedo and the reflective solar radiation are reduced in response to afforestation.
Vegetation cover change is one of the causes of climate change and may either enhance or mitigate climate change. In recent years, more and more scientists are focusing on the impacts of changes in vegetation cover on global and regional climate [1] [2] [3] [4] [5] [6] . Vegetation affects climate mostly through albedo, evapotranspiration and surface roughness [7] [8] [9] [10] . Charney [7] speculated overgrazing in the Sahel of Africa could lead to a loss of vegetation, which raises the surface albedo and cools the ground, so subsidence airflow continues and droughts increase in intensity. Notaro et al. [8] found a reduction of boreal forest cover raises surface albedo, decreases surface temperatures through reducing the ab-sorbed radiation energy and extends the period of seasonal snow cover. Also, a reduction in evapotranspiration leads to decreased precipitation and a slowing of the hydrological cycle. Cheng et al. [9] found an increase in the density of forest cover increase the surface roughness and induces convergence, so the anomalous ascent increases cloud cover and precipitation. Also, the ways in which vegetation affects climate may vary by latitudes [10] [11] [12] . In high-latitudes, vegetation impacts climate by modifying surface albedo. For example, Thomas and Rowntree [10] found a reduction in the extent of boreal forest leads to an increase in surface albedo and cooling at the surface through decrease solar radiation energy. At low-latitudes, evapotranspiration is the dominant mechanism producing this feedback from vegeta-tion. With an atmospheric general circulation model simulation, Dickinson and Kennedy [11] found when Amazon rain forest is deforested to grassland and cropland, the temperature increases by 3-5°C. Other scientists continue to find deforestation in Amazon may induce a warmer climate and a decrease in precipitation because of lower evapotranspiration rates. The effect of vegetation on climate at the midlatitudes is highly uncertain [12] .
The East Asian monsoon region, which is mainly located at the mid-latitudes, is an environmentally and ecologically fragile zone where climatic disasters, such as droughts, floods and extreme weather, happen frequently. The high population density in this area limits the sustainable use of land resources. So, vegetation degradation creates a very serious problem in this area. To cope with climate change, the Chinese government enacted a new plan called "China's Forestry Action Plan to Deal with Climate Change," which aims at continuing afforestation over two key regions. One is Three-North Shelterbelt Forest which is spread across northern China. The other is the Yangtze River, Zhujiang River (Pearl River) and Littoral Shelterbelt Forest. China plans to increase the current forest coverage from 18.2% to more than 26% by the year 2050 [13] . Numerous studies have analyzed the impact of afforestation in China on climate. Liu et al. [14] found afforestation increased precipitation, relative humidity, and soil moisture and reduced wind speed and air temperature across the Three-North Shelterbelt. Zhong et al. [15] and Song et al. [16] used a regional climate model to simulate the impact of afforestation over the Three-North Shelterbelt on local climate. However, many of these studies focused only on the Three-North Shelterbelt zone. So, it is essential to simulate the effect afforestation on climate in the regions of the Yangtze River, Zhujiang River and the Littoral Shelterbelt forests.
The East Asian monsoon region is a classical monsoon region where the land, atmosphere and ocean are strongly coupled. So, to analyze the impact of vegetation on climate, ocean variability should also be included. However, many studies only focus on land-atmospheric interactions, while ocean dynamics and variability are not included [17] [18] [19] . Dallmeyer and Clauseen [20] used a fully coupled climate model to simulate the influence of the East Asian monsoon region on present-day and mid-Holocene climate. They found ocean variability could modify the vegetation feedback signal. Ma et al. [21] found afforestation over the East Asian monsoon region would activate a wind-evaporationsea surface temperature (SST and WES) positive feedback over nearby ocean waters. This, in turn, induces increased water vapor transport inland; this water vapor then allows for greater precipitation and winter warming.
Many studies over the years have focused on the longterm effects of vegetation on climate. They discuss the feedback vegetation provides in a balanced ecosystem; however, few studies have focused on the short term effects of vegetation on climate, including a discussion of feedback from vegetation on climate after vegetation succession. Since the results of short-term simulations are strongly affected by the initial conditions, we adopted the ensemble integration model to enhance the signal-noise level of the simulation. Unlike previous studies, this study uses a fully coupled CCSM3.5 and ensemble simulation to analyze the vegetation feedback on the short-term climate and hydrological cycle. This study can provide a reference for government agencies charged with allocating land resources and making afforestation policies.
Model and experimental design
The model used in this study is the National Center for Atmospheric Research's Community Climate System Model Version 3.5 (CCSM3.5), which has four components including atmosphere (CAM), land (CLM), ice (CICE) and ocean (POP). All of these components exchange data through a coupler (CPL). The land component used in this study is the Community Land Model version 3.5 (CLM3.5-DGVM) including the Dynamic Global Vegetation Model (DGVM), which simulates the interaction of vegetation with atmosphere and land components. The horizontal resolution is 1.9×2.5 and the land model includes ten soil layers. The horizontal resolution of the atmospheric component is the same as that of the land component. The atmospheric component has 26 layers with hybrid coordinates. The ocean and ice components use a POP grid, with a horizontal resolution of nearly 1. The ocean component has 60 layers.
To analyze the short-term impacts of afforestation on climate over the East Asian monsoon region in the fully coupled model, a control run (CTL) with higher forest cover and a set of sensitive runs (TREE65) with lower forest cover were designed. In the control simulation (CTL), the global forest cover can range from 0 to 95% in each terrestrial grid cell. CTL is run for 80 years from the initial equilibrium state. We save every CTL's restart files at the end of each year, which includes the fractional cover of each plant function type. The sensitive modeling run (TREE65) is a set of ensemble experiments. At the start of each ensemble member, the fraction of the forest cover is reduced from 95% to 65% over the East Asian monsoon region (defined as 19.89-41.0N, 107.5-122.5E). Each ensemble member runs for four years. The last three years are analyzed.
There are ten vegetation types in DGVM. Over the East Asian monsoon region, the major potential vegetation types are temperate evergreen forest, evergreen/deciduous mixed forest and grassland/steppe. The potential vegetation type in the model is close to the vegetation type in the real world. Notaro et al. [22] explored the vegetation feedback to climate in six global monsoon regions (including the East Asian monsoon region) by CCSM3.5-DGVM. In their study, the total vegetation coverage was reduced by 20% over the six global monsoon regions. Unlike their study, we focused on short-term effects of afforestation (increases in forest cover and decreases in grassland cover) on climate. Afforestation is defined here as forest cover replacing grassland cover. In real life, afforestation also includes the planting of trees in farmlands and in treeless barren mountain land. In this study, all differences are described as statistically significant at the P<0.1 level, based on the Student's t-test, unless stated otherwise.
Results

Vegetation coverage and albedo change
In response to modeled afforestation (CTL-TREE65), the area-average total forest and grassland cover change significantly across the East Asian monsoon region ( Figure 1 ). Figure 1 shows the average area of forestland coverage increases to 81% and the grassland coverage decreases to 8% (Table 1) in CTL. The total vegetation coverage is about 89%. After modifying the upper limit of forest coverage to 65% across the East Asian monsoon region, the area of modeled average forest coverage decreases to 57% and the grassland coverage increases to 32% in TREE65. In the dynamic global vegetation model (DGVM), forested lands have an advantage over grasslands in being able to absorb solar radiation. With the same resource and radiation conditions, forests will replace grassland through ecological succession. Meanwhile, the total leaf area index (LAI) increases by 2.7 annually in CTL compared with TREE65 (Table 1) . Also, the increased density of forested lands increases the roughness of the land surface across the East Asian monsoon region year round ( Table 2 ). Vegetation cover and type are import factors influencing the surface albedo. The surface albedo over the East Asian monsoon region is 0.137 in TREE65. Since surface albedo of grassland is greater than that of forested land, afforestation across the East Asian monsoon region leads a 16% decrease in the surface albedo. The simulation shows the surface albedo decreases to 0.115 in the CTL simulation.
Response of temperature and surface energy balance
Changes in vegetation type can affect the surface energy budget, ground temperatures and surface air temperatures by modifying the surface albedo. In response to modeled afforestation, ground temperatures decreases by 0.93°C annually ( Table 2 ). Ground temperatures decrease by 1.12°C, 1.46°C, 0.77°C and 0.37°C in spring, summer, autumn and winter, respectively (Table 2) . Meanwhile, surface air temperature also decreases annually and seasonally ( Figure  2 (a)-(e)). The maximum reduction occurs in summer, and the minimum reduction occurs in winter ( Table 2) . Surface air temperature decreases by 0.13°C and 0.27°C during spring and autumn, respectively ( Table 2) .
The response to components in the surface energy budget to increased LAI are analyzed, including latent heat flux, sensible heat flux, longwave radiation, and shortwave radiation ( Figure 3 ). Afforestation can affect ground and surface air temperatures by redistributing energy. We examine the components of surface energy budget over the East Asian monsoon region. Note the total shortwave radiation is the difference between solar radiation and reflective shortwave radiation, and toward/away from the surface are defined as positive/negative, respectively. In response to the increase in LAI, total shortwave radiation significantly increases in all of the seasons except in summer. Especially during autumn, the total modeled shortwave radiation increases significantly by 1.9 W m 2 (1.4%) and also increases by 1.0 W m 2 (0.6%) annually (Figure 3(a) , Table 2 ). This is mainly attributable to the increase in albedo related to the increase in LAI (Table 2). However, during summer, the increase in total cloud cover blocks part of the downward shortwave radiation, which offsets the increase in reflective radiation caused by the increase in albedo.
Total longwave radiation is the difference between downward longwave radiation and reflective longwave radiation. As is done with the total shortwave radiation described above, toward surface is defined as positive. In response to afforestation, total modeled longwave radiation increases significantly by 1.9 W m 2 (3.9% (Figure 3(b) , Table 2 )), annually and it also increases in spring, summer and autumn. The most robust change of total longwave radiation is the increase in summer (2.6 W m 2 (Figure 3(b) , Table 2 )).
In response to afforestation over the East Asian monsoon region, the total latent flux significantly increases year-round because of the increase in LAI. The total latent heat flux includes three items: ground evaporation, canopy evapora-tion and transpiration. Annual total latent heat flux increases 2.6 W m 2 (3.4%) with afforestation. The total latent heat flux increases during spring (2.7 W m 2 , 3.6%), summer (4.4 W m 2 , 3.6%), autumn (2.5 W m 2 , 3.5%) and winter (0.8 W m 2 , 2.6% (Figure 3(c) , Table 2) ). The largest and smallest latent heat response to afforestation occurs in the summer growing season and in winter, respectively. Sensible heat flux comprises two parts from ground and vegetation. Annual total sensible heat flux increases slightly on average; however, it significantly declines in summer by 1.8 W m 2 (7.3%) and increases in winter by 2.3 W m 2 (8.3% (Figure 3(a) , Table 2) ).
Vegetation cover change can influence not only on local climate, but also influences remote regional climate. Afforestation over the East Asian monsoon region induces a warm climate over surrounding area. SSTs increase over the South and East Asian seas during winter and following spring (Figure 2(b) ,(e)). Also, the surface air temperature increases over Northeast China and along the border with Russia during autumn mainly because the increase in LAI induces more evapotranspiration over the East Asian monsoon region. In turn, the increased water vapor transport to Northeast China allows the formation of additional clouds which trap more longwave radiation thus heating ground and surface air.
In considering the above results, one can see, in response to the increasing LAI, the annual total longwave radiation flux and latent heat flux changes is robust. The increase in total latent heat flux is greater than the increase in the total longwave radiation. An increase of total shortwave radiation flux and total longwave radiation can warm the earth's surface. An increase in latent heat flux can induce cooling. Over the East Asian region, in response to afforestation, the increase in evapotranspiration leads to summer cooling. During winter, the increased forest cover produces higher roughness; this increases energy exchange, leading to higher sensible heat flux and latent heat flux. Both of the increases in heat flux can lead to surface warming.
Response of atmospheric circulation and precipitation
Afforestation can influence the precipitation and hydrological cycles by modifying the atmosphere circulation. Anomalies of ascent occur during most of the year, such as in January-February, May, and July-December across the East Asian monsoon region (Figure 4(a) ). The most robust anomalous ascent occurs in April at 700-850 hPa (Figure 4(a) ). Along with this ascent anomaly, specific humidity increases significantly during April and May (Figure 4(b) ). This increase in moisture and ascent flow produced additional precipitation in April (7%). This is consistent with the increase in available precipitable water which increases in April (3%) and May (2%).
Modest modeled increases in precipitation occur over the East Asian monsoon region during spring (0.12 mm d 1 (Figure 5 , Table 2 )) and winter (0.08 mm d 1 (Figure 5 , Table 2) ). The largest change in precipitation occurs in summer (0.17 mm d 1 (Figure 5 , Table 2) ). The small change in autumn precipitation (0.01 mm d 1 (Figure 5 , Table 2 )) is not statistically significant. Because forest cover increases, ET increases in spring, summer, autumn, and winter by 0.09, 0.15, 0.08, and 0.03 mm d 1 , respectively. During spring and summer, the increase in precipitation exceeds the increase in ET, as indicated by the change of PME (precipitation minus evapotranspiration)>0, suggesting an external source of moisture to the region. Here we mainly focus on the area-averaged responses to afforestation but note that over the East Asian monsoon region, the rain belt moves with the seasons. The response of precipitation to increased forest cover also differs according to latitudes and seasons. Increased forest cover induces a wetter climate in southern China and a slightly drier climate in north China. Overall, afforestation in the East Asian monsoon region leads to a wetter climate.
With increased forest cover, both local precipitation and ET increase, suggesting the local hydrology cycle is amplified. The response of ET to increased forest cover also differs with the seasons. The response of ET to increased forest cover is robust during spring and summer, but is not statistically significant during winter.
Response of soil water and surface wind
Afforestation influences surface wind speed by creating an increase in surface roughness resulting in reduced surface wind speeds ( Figure 6 ). Also, this induces convergence and anomaly ascent in the atmosphere. The change in annual surface wind speed is robust over most parts of the East Asian monsoon region, except in Henan, Jiangsu and Zhejiang provinces ( Figure 6(a) ). During summer to winter surface wind speed significantly decreases in response to afforestation over the East Asian monsoon region ( Figure 6 (c)-(e)). In spring, the most robust decrease of surface wind speed is seen over the southern part of the East Asian monsoon region ( Figure 6(b) ), but the change is not significant over the northern part of the region. Aside from the changes over the East Asian monsoon region, surface wind speeds also significantly decreases over the South and East Asian seas, particularly during winter.
In response to afforestation, soil water changes by both depth and season because tree roots penetrate deeper than grass roots. In winter, soil water decreases significantly (0-100 cm) with soil water decreasing with increased depth (Figure 7) . The increased precipitation induces greater amounts of soil water (Figure 7) . The increased precipitation from April to August results in an increase in soil water near the surface (0-40 cm). Soil water also increases in deeper layers (40-100 cm) in August and September. With the increase in precipitation in spring, summer and autumn (0.12, 0.17, and 0.01 mm d 1 , respectively), the shallow soil water increases ( Table 2) . ET increases by 0.08 mm d 1 , which is greater than precipitation in autumn, so the soil water decreases gradually ( Figure 7 ).
Discussion and conclusions
To analyze the impact of afforestation across the East Asian monsoon region, a control simulation and ensemble experiment were run with CCSM3.5 producing the following findings:
(1) With increases in forest cover over the East Asian monsoon region, the increasing in LAI will induce a smaller surface albedo. Also, afforestation will affect surface air and ground temperatures by redistributing surface energy. Surface air temperatures decrease during spring (0.93°C) and during winter (0.40°C) with the most robust temperature change occurring during summer (1.46°C). The increase in ET is the main driving force behind summer cooling. The increases in latent and sensible heat fluxes are the main reason for winter cooling. The increase of forest cover influences not only local climate but also nearby areas. The initial surface wind speed decreases over the East and South China seas because surface roughness increases in the modeled afforestation in East Asian. Also, the decrease in surface wind speed induces less evaporation and warmer SSTs over East and South China Sea.
(2) The increase in forest cover can influence atmospheric circulation and affect local precipitation. First, the increased forest cover results in a greater LAI, which leads to increases in ET and precipitable water. Second, the increased forest cover induces greater surface roughness leading to airflow convergence and anomalous ascent of air masses. Both of these effects lead to increased precipitation over the East Asian monsoon region. In April and May, anomalous ascent and more available water vapor induce increased precipitation over the East Asian monsoon region. Also, the hydrological cycle is amplified by afforestation. The responses of precipitation and ET to afforestation are greater in the summer growing season than that in winter. Moreover, the increase in precipitation leads to increased soil water in spring, summer and autumn.
Based on the above findings, an increase in forest cover significantly influences the local energy budget and shortterm climate. Afforestation decreases surface air temperatures and increases local precipitation. This demonstrates afforestation is a powerful method to mitigating climate change. Unlike previous studies, we focus on the effects of vegetation feedback on short-term climate. Ma et al. [21] found an increase in LAI leads to long-term winter warming because of the involvement of the WES positive feedback mechanism. The reduction of initial wind speed results in positive WES feedback and warms SSTs over East and South China seas as a result. In turn, the anomalous warming accumulates, influences atmospheric circulation and leads to winter warming of the East Asian monsoon region. This indicates vegetation feedback is dependent on the time scale. Note the CCSM3.5-DGVM vegetation type classifications do not include agriculture, which has a slightly different impact on climate than grassland. This is the limitation of this study.
